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Summary.-The pattern of cancer in African gold miners over the 8-year period
1964-71, comprising 2,926,461 man-years of employment was studied. Of the 1344
cancers found, primary liver cancer accounted for 52 8%, oesophageal cancer 121%,
cancer of the respiratory system 5.4% and cancer of the bk4dder 4.8%. Analysis
of the spatial distribution of these four cancers, both on subcontinental and local
scale, showed distinct gradients of occurrence between areas of significantly higher
and lower incidence than expected. In the case of primary liver cancer in Mozam-
bique and oesophageal cancer inthe Transkei, the spatial distribution reflects closely
that found in the general resident population of each territory. The crude in-
cidence rate of primary liver cancer in gold miners from Mozambique dropped
sharply over the period of the survey.
THE FIRST study of cancer patterns in
African miners on the gold mines in South
Africa was that of Berman (1935) cover-
ing the period 1925-33. Primary liver
cancer accounted for 84% of all cancers
inthe mineworkers, bladdercanceraccoun-
ted for 3-5°% while no cases ofoesophageal
or lung cancer were reported. In 1964
another survey of cancer prevalence
among African miners was started by
Oettle and completed to 1968 by Robert-
son, Harington and Bradshaw (197la).
Once again, primary liver cancer was most
frequently found, though to the lower
extent of 52.6%. The bladder cancer
proportion rose slightly to 5% and that of
cancer of the oesophagus to 13%. The
present study is an extension of that
investigation and covers the 8-year period
1964-71 inclusive. During this period,
1344 cases of cancer of all sites were
diagnosed in a population amounting to
2,926,461 man-years worked, giving a
crude rate of 46 per 100,000 man-years.
Of the 1344 cases, 710 were primary liver
47
cancer (52-8%), 162 oesophageal cancer
(12-1%), 73 respiratory system cancer
(5.4%) and 65 bladder cancer (4-8%).
Thus, these four cancers accounted for
75-1% of the total number of cases.
Brief accounts of the spatial and
temporal distribution of primary liver
cancer and oesophageal cancer were given
by Harington and McGlashan (1973a, b).
In the present investigation, geo-
graphical definition of the patterns of
distribution of the four major sites of
cancer was sought in the beliefthat statis-
tically significant gradients, together with
changes in the cancer rates in the course
of time, could provide a basis for future
research programmes directed at aetologi-
cal implications.
METHOD OF SURVEY AND BASIC DATA
(i) Areas of recruitment of the population
at risk.-The health problems and environ-
mental background of African workers in the
South African gold mines were described by
Coetzee (1965) and Geddes (1969a, b), andJ. S. HARINGTON ET AL.
FIG. 1.-Areas of recruitment of African miners for the Transvaal and Orange Free State gold mines,
showing percentages recruited.
Wilson (1972) dealt with the employment of
labourthere.
Approximately 366,000 African miners
are recruited each year. Recruiting is car-
ried out by an organization which has depots
in all parts ofsouthern Africa, mainly in rural
areas of the Transvaal, Natal, Orange Free
State, Transkei, Ciskei and the rest of the
Cape Province (all in the Republic of South
Africa), Mozambique (south of lat. 22°S.),
Lesotho, Swaziland, Botswana, Malawi and
other " Northern Territories " (Robertson
et al., 1971a). From the outlying recruiting
depots, workers are transported to the two
main central depots (Johannesburg and
Welkom) nearest to the mines in the
Transvaal and Orange Free State (Robertson
etal., 1971a).
The areas from which the recruits are
drawn are shown in Fig. 1 and the employ-
ment for each home area covering the period
1964-71 in TableJ.
The African miners are chiefly a migratory
labour population who come to the mines in
order to supplement their livelihood, based
mainly on subsistence farming in widely
diverse regions of southern Africa. The
period of contract employment is usually
12-18 months for workers from Mozambique
and Malawi but shorter contracts are often
taken on by workers from the other regions.
Variable intervals are spent at home in
between contracts. Regular re-employment
on the mines is the pattern of life for the
great majority and this results in a labour
turnover close to 100% per annum in the
whole African mining population (Coetzee,
1965).
(ii) Medical screening.-Pre-employment
examinations are carried out to exclude any-
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TABLE I.-Employment of African Gold
Minersfrom each Home Areafor 1964-71
(see alsoFig. 1)
Home area No. ofworkers
(territory) (man-years)
Mozambique 709987
Transkei 548853
Lesotho 470759
Malawi 421497
Rest ofCape Province*
(Ciskei) 213896
Botswana 153295
Northern Territoriest 139458
Transvaal 100845
Natal 67824
Orange Free State 56091
Swaziland 43956
8-year total 2926461
Percentage
of total
work force
24-3
18-8
16- 1
14-4
7-3
5-2
4-8
3-4
2-3
1-9
1-5
* As 73% of recruits from the rest of the Cape
Province come from the Ciskei, a region contiguous
with the Transkei, and populated by the same
ethnic group, the Xhosas, miners from the rest of
the Cape are referred to as coming from the Ciskei.
t These comprise Angola, Rhodesia, Mozambique
N. of lat. 220S. Malawi has sufficient mine workers
in South Africa to allow it to be treated separately.
one who is obviously not fit enough for work
on the mines (Coetzee, 1965; Geddes, 1969a)
and in this way any overt cases of cancer
would be excluded. In outlying recruiting
centres, between 2 and 3% are rejected by
doctors for fairly obvious clinical reasons.
At the central depots, mass miniature radio-
graphy of the chest is carried out in addition
to further medical checks which may result
in rejection; if pulmonary tuberculosis is
diagnosed, patients are treated and then
accepted for special employment and main-
tenance therapy. After recruits have been
allocated to a particular mine (usually on the
basis of individual choice), they immediately
come under the care of the mine's medical
officer who determines their state of physical
fitness for the various occupations available
to them on individual mines. For the
duration of their contracts, comprehensive
medical care is provided.
Every month the Chamber of Mines of
South Africa publishes health statistics for
the industry based on health returns by the
medical officers of the mines affiliated to the
Chamber but it is recognized that certain
issues can affect the accuracy of figures used
for determining the cancer pattern in African
gold miners, such as lack of diagnostic proof
and lack of information regarding age.
Problems ofdiagnosis
Geddes (1972) and Geddes and Falkson
(1973) pointed out that 30% of all cases
admitted to the Liver Cancer Unit (at Crown
Mines Hospital, Johannesburg) since 1965 as
suspected cases of primary liver cancer were
proved on investigation and liver biopsy to
have a variety of other conditions which
included tuberculosis, cirrhosis, liver abscess,
amoebic and infective hepatitis and con-
gestive cardiac failure. From this it was
deduced that excess recording of cases of
primary liver cancer, based on clinical diag-
nosis only, could have occurred in the years
preceding the establishment of the Unit in
1965.
Even since that year it has been the
practice to repatriate some miners directly
from the mines and without referral to the
Liver Cancer Unit on the basis of a clinical
diagnosis of primary liver cancer. If re-
quested by the patient, and if he is still well
enough to travel the long distance to his
home, repatriation is carried out on com-
passionate grounds for various disabilities
and chronic illnesses, including primary liver
cancer.
For these reasons, the number of cases
reported in the Chamber of Mines health
returns was checked and certain reported
cases were excluded if clinical diagnosis was
not supported by other proof of diagnosis
obtained from the records ofthe Liver Cancer
Unit, the Liver Cancer Registry (1964-68)
and the case records on the mines. The
great majority of those accepted as definite
cases was proved by liver biopsy or post-
mortem findings. In recent years the intro-
duction of the alpha-foetoprotein (AFP) test
has been of considerable value because posi-
tive results have led to persistent attempts
being made to find histological proof by use
of liver needle biopsy (Purves, Manso and
Torres, 1973).
Thus, in regard to primary liver cancer,
the question of under- or over-reporting
does not apply to any great extent to the
results reported in this survey which covers
the years 1964-71, inclusive.
With regard to cancer of the oesophagus,
under-reporting of cases is deemed possible
because this cancer can be clinically silent
and patients who fail to report their dys-
phagia can escape detection.
With regard to lung cancer, it is unlikely
that diagnosis would be missed because
667J. S. HARINGTON ET AL.
radiological examination of the lungs in the
total mining population is carried out at
6-monthly intervals. Where bladder cancer
is concerned, it is unlikely that patients with
urinary symptoms would fail to report their
condition. Most cases would be detected
during the period of their contracts and
consequently there are few missed cases.
The age structure of African gold miners
One of the inherent difficulties in studies
of the type described here is that it is not
possible to determine the age of the miners.
In all territories of southern Africa, it is
unusual for births ofAfricans to be registered
so that in turn no records of ages of miners
are kept by the Chamber of Mines. The
only ages available are those of hospital
cases and, as explained below, these are at
best only crude approximations. The policy
of the Chamber is to recruit able-bodied
miners within the general age limit of 18
to 40 years. " Novices ", that is, recruits
appearing for the first time of work on the
mines, are not accepted if obviously under
18. " Re-engagements ", who are men who
have already served at least one contract,
are accepted even if older than 40 years,
provided they are fit for work.
Where the age of a miner is required, this
is assessed by a clerk or doctor or by associa-
tion with some past important event. Errors
of at least 10 years are common and the
recruit's own estimate is often inaccurate.
Recruits may also have reason to under- or
over-score their ages.
The use of age-specific incidence rates of
the population at risk is therefore out of the
question, a not uncommon problem in
epidemiological studies of emergent peoples.
The only alternative available method, there-
fore, is the use of crude rates, and this has
been done here. The crude rates considered
TABLE II.-Estimated Age
Age
15-24
25-34
35-44
45-54
55+
Unknown
Total
Liver
No. %
127 17-9
247 34- 8
151 21-3
123 17 -3
29 4-1
33 4-6
710
Median age 33 - 6 years
here are possibly similar to the age-specific
rates for the age group 25-35. This means
that the actual crude cancer rates of the
miners cannot be compared with rates derived
from the generally older populations at risk
who live in the home territories ofthe miners.
Age at diagnosis of cancer is recorded
but again is based upon an estimation only
(Table II).
It appears that the median age ofprimary
liver cancer cases is much lower than that of
the other cancer groups, with more than 50%
of the cases being under 35 years old. By
contrast, over 50% of cancers of the oeso-
phagus and respiratory system occur in
miners over 45 years old. Table III com-
pares these findings with those of other
resident population groups.
The ages of miners with primary liver
cancer are closely similar onlyto theLourengo
Marques group and this is due to the large
proportion of miners with this cancer who
come from Mozambique. The median age
of the Lourengo Marques group is slightly
lower than that of the miners because the
former includes the whole population and not
only those in the restricted age group of the
miners. This emphasizes that primary liver
cancer in Mozambique occurs at a very early
age. The other African groups (Natal,
Johannesburg and Bulawayo) had very
similar median ages, 10-12 years older than
that of the gold miners. This suggests that
the carcinogenic exposure is greater in
southern Africa than in England and very
much greater in Mozambique than in even
the rest ofsouthern Africa.
Cancers ofthe oesophagus and respiratory
system occur in younger age groups in the
miners, but this probably only reflects the
shortage of older people in the mine popula-
tion structure. The median age of cases
with bladder cancer among the miners is
ofDiagnosed Cancer Cases
Respiratory
ohagus system Bladder
% No. % No. %
0-6 1 1-4 5 7.7
8-0 7 9-6 13 20-0
26-5 20 27-4 19 29-2
42-6 23 31-5 20 30 7
18-6 14 19-2 7 10-8
3-7 8 10-9 1 1-6
73 65
years 47 0 years 42 -4 years
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TABLE III.-Median Age of Cancer Cases ofFour Sites in Various Population
Groups
Group
African Gold Miners
Natal urban Africanst
Natal rural Africanst
Lourengo Marques
Africans (Mozambique)*
Johannesburg Africans*
Bulawayo urban Africans (Rhodesia)t
England (Sheffield 1963-66)t
Liver
Med.
No. years
710 33 -6
140 47-5
186 46- 8
248
112
100
81
Cancer sites
_AA
Respiratory
Oesophagus system Bladder
Med. Med. Med.
No. years No. years No. years
162 48-0 73 47 0 65 42-4
169 53-4 202 50 5 15 50-8
295 55-2 328 55-3 36 56 0
30 4
44-1
46-1 73
62- 6 439
24 55 0
17 50-6
52-5 66 51-9 24 43 0
66-8 7988 63-3 1588 67-3
* Figures from Doll, Payne and Waterhouse (1966).
t From Doll, Muir and Waterhouse (1970).
: Unpublished data of Schonland and Bradshaw (1968).
generally lower than that ofthe other African
groups, with the exception of the Bulawayan
urbanAfricans.
Analytic concepts
In the present analysis, " gradients " of
occurrence of cancer (Ambrose, 1969) are
examined between territories of higher and
lower incidence. As the 11 territories of
recruitment (Fig. 1) cover an area of sub-
continental dimensions, primary analysis
involves a broad scale. Where numbers of
cases of a particular cancer site occurring in
a single territory are large enough, it is
additionally possible to examine for the
presence of a cancer gradient of more restric-
ted dimensions. This local scalemaythenper-
mitgeographical, butnotage, comparisonwith
cancer data from the resident population.
Two approaches to the definition of dis-
ease gradients are possible. The more usual
one is to calculate and to compare rates of
incidence occurring in the various geographi-
cal areas (Armstrong, 1969). A second
means is to ascertain within which areas
disease occurs more (or less) often than
fluctuations merely by chance from the mean
rate would permit (Choynowski, 1959). Only
for these significant spatial deviations may
explanation then logically be sought
(McGlashan, 1972). The Poisson distribu-
tion can be used to compare the number of
cases " observed " against the number that
would be "expected" in order to test
whether any significant local variation from
the overall rate is occurring. This allows the
significance of gradients, once these have
been defined, to be given confidence limits.
Changes of crude incidence rate through
time were also considered for the four cancers.
RESULTS
Spatial analysis
Territorial variations.-The incidence
of the 4 major cancers found in African
gold miners over the period 1964-71 is
shown in Table IV as crude rates per
100,000 man-years. (Also shown are the
numbers expected in terms of the crude
rate or the total mining population; any
significant deviation of observed case
numbers isindicated.)
Primary liver cancer.-Of 710 cases of
primary liver cancer recorded in the
survey in 8 years, 487 (69%) came from
Mozambique, 71 (10%) from the Transkei,
30 (4%) from Malawi and 3% from each
of Lesotho, Ciskei and the Northern
Territories. The crude rate of primary
liver cancer in Mozambique was 68-6/
100,000 miners employed, contrasted with
10-1/100,000 for all other areas combined.
When this distribution is checked for
significance, the gradients of disease fall
away in all directions inland from a peak
in Mozambique (see Fig. 1), where 487
cases observed is vastly more than would
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TABLE IV.-Incidence ofFour Cancers in African Gold Miners by Home
Area, Showing Poisson Significance
Home area
(territory)
Mozambique
Transkei
Lesotho
Malawi
Ciskei
Botswana
Northern
Territories
Transvaal
Natal
Orange Free
State
Swaziland
Unknown
8-year total
tP > 95%.
Liver
Mining No. ofcases
population ,
(man-years) Obs. Exp.
709987 487 172-2t
548853 71 133-2t
470759 24 114-2t
421497 30 102-3t
213896 23 51 91
153295 7 37-24
Oesophagus Respiratory system Bladdel
No. ofcases No. ofcases No. ofcases
Crude, Crude- Crude,
rate Obs. Exp. rate Obs. Exp. rate Obs. Exp.
68-6 7 39-3$ 1-0 9 17-7t 1]3 43 15-81
12-9 79 30 4t 14-4 21 13-7 3-8 1 12-2.
5-1 12 26-1 2-5 8 11-8 1-7 1 10-5T
7-1 8 23-31 1-9 0 105t 0 8 94
10-8 30 11-8t 14-0 8 5-3 3-7 1 4-7
4-6 3 8-5 2-0 2 3-8 1-3 2 3-4
139458 22 33-8t 15-8 3
100845 12 24 5t 11-9 10
67824 18 16-4 26-5 6
56091 0
43956 5
- 11
2926461 710
tP > 99%.
13-61 0
10-7 11-4
24-3
1
0
3
162
7-7
5-6
3-8
2-2 1
9-9 7
8-8 10
3-1 1-8 0
2-4 0 1
_ - 6
5-5 73
3-5 0-7
2-5t 6-9
1-7T 14-7
1-4 0
1-1 2-3
2-5
3
3
1
1
1
65
3-1
2 -2
1-5
1 -2
1.0
~r
Crude
rate
6-1
0-2
0-2
1.9
0 5
1 -3
2 -2
3 0
1-5
1 -8
2-3
2-2
CRUDE RATE PER 100.000 MAN-YEARS
5 10 15 20 25 30 35 40 45 50 55 60 65 70
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FIG. 2.-Crude rates of four cancers by home areas.
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have been expected (172) and is significant
at a 990% confidence level.
Lower case numbers come from the
Orange Free State, Lesotho and Botswana
(P > 99%), followed by Malawi, Trans-
vaal and the ethnically similar Transkei
and Ciskei mine workers. Interestingly,
Natal and Swaziland, both contiguous
with Mozambique, are the only other
areas not significantly lower. The com-
paratively high crude rate ofprimary liver
cancer in Natal can clearly be seen in
Fig. 2.
Oesophageal cancer. This is the sec-
ond most frequently occurring cancer in
the mineworkers and Table IV shows that
of 162 cases found in the survey, 79 (49%O)
came from the Transkei and a further
30 (19%) from the Ciskei. The remaining
one third came from all other mine
recruitment areas taken together. The
overall crude rates for the Transkei and
the Ciskei were very similar at 14-4 and
14.0/100,000 man-years, and both have a
significantly higher number of cases than
expected. Mozambique, Lesotho and
Malawi have significantly lower numbers
of cases than expected. In Natal and the
Transvaal, more cases were seen than
expected and although this was not statis-
tically significant, it again shows up
clearly in Fig. 2 with raised crude rates
for these 2 areas. These findings under-
line the high levels of oesophageal cancer
known to obtain in the Transkei (Burrell,
1957; Rose, 1969) and the raised levels in
the Natal African (Schonland and Brad-
shaw, 1968) and in the Johannesburg
African (Robertson, Harington and Brad-
shaw, 1971b; Warwick and Harington,
1973).
Cancer of the respiratory system-.This
cancer is taken here to include primary
and secondary carcinoma of the lung and
bronchus (66 cases), carcinoma of the
larynx (6 cases), trachea (1 case) and
mediastinum (no cases). Together they
make up, after cancer of the liver and
oesophagus, the third most common site
among African mineworkers, with a total
of 73 cases. It can be seen from Table IV
that the Natal miners' rate (14-7/100,000)
is twice as high as that for the next area,
the Transvaal (6.9/100,000). Miners re-
cruited in both Xhosa areas, the Ciskei
and Transkei, have similar rates (3.7 and
3-81/00,000) of respiratory cancer. The
Orange Free State and Malawi miners
recorded no respiratory system cancer
cases. When these rates are checked
against the Poisson distribution, Natal
case numbers are shown to be very sig-
nificantly higher (P > 99%). Transvaal
numbers are also higher, but at 9500.
Mozambique, and especially Malawi, have
significantly fewer cases (see Fig. 2).
Separating lung cancers from other cancers
of the respiratory system, 9 cases in Natal
employees in 8 years and 5 in the Trans-
vaal indicate significantly high lung can-
cer rates for both these areas.
Cancer of the bladder.-This cancer is
the fourth most common among the gold
miners and of 65 cases reported over the
8-year period, 66% came from Mozam-
bique (Table IV).
The crude rate in Mozambique (6.1) is
more than twice as high as that in the
contiguous areas of Transvaal (3.0) and
Swaziland (2-3/100,000).
Three neighbouring areas in the south,
Transkei, Ciskei and Lesotho, appear
together as the group with the lowest
bladder cancer rates (Fig. 2).
Local variations.-Primary liver cancer
and cancer of the oesophagus offer suffi-
cient case numbers for examining the
local distribution within Mozambique and
the Transkei respectively. Within Mo-
zambique, the number of primary liver
cancer cases expected for each administra-
tive unit, the concelho or circunscriqdo,
was calculated according to the crude
rate for the whole of Mozambique. Four
areas with significantly higher rates and
3 with significantly lower rates were found
(Table V), with crude rates varying almost
9-fold from the lowest to the highest.
With this information plotted on the map
ofMozambique, a clear distinction emerges
between the higher case numbers of the
eastern coastal areas around Panda,
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Inhambane, Inharrime and Morrumbene,
and the lower case numbers recorded in
the western or inland areas of Guij'a and
Limpopo, Magude and Bilene (Fig. 3).
A survey of hospital populations in
southern Mozambique (Purchase and Gon-
valves, 1971) gave very similar findings,
with higher incidence rates in Panda,
Inhambane, Inharrime, Homoine and
Zavala and lower rates inland (see Fig. 3
for these localities).
Figure 4 shows these findings plotted
on the map of the whole Transkei. The
significantly higher case numbers are to
be found in the south-west (Transkei
unit),particularlyin NqamakweandTsomo
with the lower case numbers in Pondoland
in the north-east, chiefly in the districts
of Bizana, Lusikisiki and Libode. It is of
interest to note that 2 magisterial dis-
tricts not in the Transkei unit show
significantly higher case numbers than
TABLE V.-Spatial Variation ofPrimary Liver C1ancer in African Gold
Minersfrom Mozambique
Home area
(cowcelho or circutiscrigdo)
Panda
Inhambane
Inharrime
Morrumbene
Zavala
Gaza
Lourengo Marques and Matola
Massinga
Muchopes
Vilanculos
Chibuto
AManhica
Homoine
Bilene
Sabie
Magude
Guija an(I Limpopo
Undefined
8-year total
Mining
population*
(man-years)
20805
18792
18379
27599
34524
69165
25814
56477
79545
29483
97918
31876
52803
43328
11875
24249
67355
4
709987 487
No. of cases
Obs. Exp.
32 14-31
28 12-9t
25 12 - 6
29 18-9t
32 23 - 7
56 47 -4
20 17-7
43 38-7
60 54 - 6
21 20-2
54 67-2
17 21 - 9
28 36 -2
16 29-7
4 8-2
6 16-61
12 46-2t
* The population at risk for this Table was deduced by extrapolation from a smaller sample of employees
dui-ing the period under review.
tP > 95%.
jp > 99%.
In order to seek localized evidence of
a gradient for oesophageal cancer within
the Transkei, district data were analysed
severally for significance. Table VI shows
the results in terms of both administra-
tive units and magisterial districts.
Taking the 4 administrative units, it
can be seen that the Transkei unit has
significantly more cases than expected
and Pondoland has very significantly less
cases than expected. Tembuland and
East Griqualand fall within the expected
range.
expected. These two, Umtata in Tembu-
land and Tsolo in East Griqualand, are
contiguous with each other and also with
the Transkei unit.
This work among the absentee miners
from the Transkei has been reinforced by
a very similar incidence gradient found
among both males and females, separately
and together, for confirmed cases of
oesophageal cancer in the general resident
population of the Transkei itself (Rose
and McGlashan, 1975). That study used
an extensive case collection network
Crude
rate
153-8
149 -0
136 -0
105-1
92-7
81 -0
77 -5
76- 1
75 -4
71 -2
55-1
53 -3
53-0
36-9
33-7
24-7
17-8
68-6
672ANALYSIS OF FOUR CANCERS IN AFRICAN GOLD MINERS
/'LIMPOPO _
+ MORRUMBENE
-GUIJA - PANDA
+ + + + +INHAMBANE
MAGUDE + + -I.INHARRIME
---BILENE
- - - Vila de Jo6o Belo
POISSON SIGNIFICANCE
I J L*VLurenSU
Marques
0 100 KILOMETRES
50 MILES
+ +
+ +
+ +
+ +
SIGNIFICANTLY
HIGH
95%
NORM
95%
99%SIGNIFICANTLY
LOW
FiG. 3.-Significant divergence of case numbers observed from those expected for primary liver
cancer in Mozambique.
throughout the Transkei and calculated
age-specific rates standardized to the
African Standard Population. The cancer
gradient was found to agree with present
positions of tribal sub-groups within the
Transkei, increasing from the Qaukeni
Mpondo of the north-east (Pondoland)
who experience the lowest rate, to the
Fingo of the south-west. In turn, this
provided a clear pointer to suspected
tribal and local variations in exogenous
health risks such as, for example, smoking
and drinking. An enquiry based upon
this geographical gradient is currently
being undertaken.
What data have been published on the
Ciskei support the concept of a markedly
" patchy " local variability ofoesophageal
cancer among the resident population
there (von Zeynek, 1973; McGlashan,
1974). Further recording and statistical
analyses should assist the search for
local environmental factors injurious to
the Xhosa speaking peoples, both north
and south of the Kei River.
Temporalchanges
It was possible to analyse only tem-
poral data for primary liver cancer and
cancer of the oesophagus as the number
of cases of the other 2 cancers were too
small. For each of these cancers the
annual crude rate was calculated for " all
miners ", together with that for the
territory in which each of the 2 cancers
occurred, predominantly that is, Mozam-
200 S -
22°s -
25°S-
-20 s
-220S
-25°S
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TABLE VI.-Spatial Variation of Oesophageal Cancer in African Gold Miners from the
Transkei
Home area
(administrative
units)
Transkei Unit
Tembuland
East Griqualand
Pondoland
Undefined
Total Transkei
Mining No. ofcases Home area
population - Crude (magisterial
(man-years) Obs. Exp. rate district)
109814 27 15-8t 24-6 Nqamakwe
Tsomo
Kentani
Butterworth
Willowvale
Idutywa
127508 20 18-4 15- 7 Umtata
Elliotdale
Mqanduli
Engcobo
Xalanga
St. Marks
128513 20 18-4 15-6 Tsolo
Qumbu
Mt. Ayliff
Mt. Frere
Matatiele
Mt. Fletcher
Umzumkulu
183018 9 26-3t 4-9 Flagstaff
Ngqeleni
Tabankulu
Libode
Bizana
Lusikisiki _ 3
548853 79 14-4
Mining No. ofcases
population Crude
(man-years) Obs. Exp. rate
12463 7 1-8t 56-2
13856 6 2-Ot 43-3
12909 5 1-9 38 - 7
17021 3 2-4 17-6
21881 3 3 -1 13 - 7
31684 3 4-6 9-5
27732 11 4-Ot 39-7
14313 2 2-1 14-0
14978 2 2-2 13-4
31408 4 4-5 12-7
20959 1 3-0 4-8
18118 0 2-6 0
14459 6 2-It 41-5
12089 2 1-7 16-5
12785 2 1-8 15-6
25723 4 3-7 15-6
31210 3 4-5 9-6
21521 2 3-1 9-3
10726 1 1-5 9-3
23702 4 3-4 16-9
30205 3 4-3 9-9
30872 1 4-4 3-2
40723 1 5-9t 2-5
26119 0 3-8t 0
31397 0 4-5t 0
3 -
548853 79 14-4
tP>95%. IP>99%
bique for primary liver cancer and the
Transkei and Ciskei for cancer of the
oesophagus (Table VII).
Considering primary liver cancer first,
regression lines were calculated for both
groups to even out chance fluctuations
and indicate trends over the past period.
The Mozambique miners showed a decline
four times that of the " all miners "
group. On the assumption that devia-
tions about the line occurred randomly
(which may well not be so), theory sug-
gests with a 95% confidence limit that the
fall in Mozambique rates was real.
For oesophageal cancer, the Transkei
and Ciskei group as well as the " all
miners" group showed a slightly falling
tendency which, however, was within the
range of random fluctuation (Table VII).
DISCUSSION
The survey described here shows that
of 2,926,461 man-years of African miners
working on the gold mines of South
Africa over the 8-year period 1964-71
inclusive, 1344 cases of cancer were diag-
nosed (46/100,000 man-years). Of these
cases, primary liver cancer formed 52-8%,
oesophageal cancer 12-1%, cancer of the
respiratory system 5.4% and cancer of
the bladder 4.8%.
The results of the survey confirmed
those of earlier ones (Berman, 1935;
Robertson et al., 1971a). Primary liver
cancer still predominated among the
miners whereas oesophageal cancer had
increased considerably. Bladder cancer
had remained constantly present since
1935 while cancer of the respiratory sys-
tem, not mentioned in 1935, accounted
for a significant proportion of all cases.
The excellence of the mines records
also permitted study to be made of the
spatial and temporal distribution of the
above 4 cancers. The results of the
survey are in the main confirmed by those
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FIG. 4.-Significant divergence of case numbers observed from those expected for oesophageal
cancer in the Transkei.
found in the territories of origin of the
miners. Thus, almost 70% of the cases
ofprimary liver cancer came from Mozam-
bique, which has the highest known
incidence rate for this cancer in the world
(Prates and Torres, 1965). Sixty-seven
per cent ofthe cases ofoesophageal cancer
came from the contiguous areas of the
Transkei and Ciskei, of which certain
localities in the former have the second
highest recorded rate in the world for
oesophageal cancer (Doll, 1969). This
cancer is rare in Mozambique with only
7 cases being found in a very large labour
force over the period of 8 years. Whereas
the ratio ofoesophageal cancer to primary
liver cancer in miners from Mozambique
was 1: 70, that in miners from the Trans-
kei was 1: 0 9, indicating that primary
liver cancer was almost as frequent in
miners' age groups in the Transkeian
workers as oesophageal cancer.
At a local scale in Mozambique, higher
case numbers ofprimary liver cancer were
found in distinct localities in eastern
coastal areas while lower case numbers
were found inland, south and westwards.
This pattern closely resembles that found
in a hospital survey in southern Mozam-
bique carried out by Purchase and
Gongalves (1971). At a local scale in the
Transkei, significantly higher case num-
bers of oesophageal cancer were found in
the south-west and centre, decreasing to
the lowest case numbers in Pondoland in
the north-east. This pattern closely re-
sembles the incidence gradient found for
males and females in the general resident
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population of the Transkei itself (Rose
and McGlashan, 1975).
Another interesting feature is the
close similarity of rates for all 4 cancers
in both the Transkei and Ciskei, suggesting
that these contiguous and ethnically
similar areas are under uniform environ-
mental risk.
Inviewofthevery uneven geographical
distribution of the cancer cases, it seems
clear that mining operations have little
or nothing to do with the induction of the
cancers which appear to exist in an occult
form by the time the African reaches the
mine. Recruits seem to retain theoriginal
effects imposed upon them by their home
environment, even to a strictly local
scale within their homelands. This sug-
gests that the recruits come into mine
employment with the " imprint " of the
site of the predominating cancer of their
home areas already upon them, even at
the comparatively early age at which
they are recruited. This could mean that,
for these 4 cancers at least, certain en-
vironmental risks, such as childhood
exposure, diet or other social factors, are
causative.
A steep drop in the crude incidence
rate of primary liver cancer in mine
workers from Mozambique was found from
1964 to 1971. The reason for this is
unknown, but does not appear to be due
to extraneous factors such as improvement
in medical screening, efficiency of diag-
nosis or any change in recruiting policy.
It is possible that some basic change in
living conditions may have taken place
in the fairly recent past which could have
improved the environment as a whole,
with particular regard to diet and health.
No other significant temporal changes
were found in the survey.
The present paper has sought to
define spatial and temporal patterns only
and has not in any way considered
aetiology. The information presented,
however, should be a logical starting
place for further enquiry regarding the
causation of these cancers.
Finally, it is clear that the survey has
been predictive both of the cancers
prevalent in the areas from which the
miners were recruited and also of any
changes which have occurred over time.
For this reason, it is felt that cancer
patterns in the miners should be studied
continuously.
We thank Mr C. P. S. Barnard (Cham-
ber of Mines) and mine medical officers
at mine hospitals for case records, Mr
P. G. D. Pretorius, General Manager,
Crown Mines Ltd for access to compound
records and Mr J. A. Gemmill, (W.N.L.A.)
Recruiting Organisations (N.R.C.) Limi-
ted, Johannesburg, for providing the
invaluable medical data which Mrs B.
Stroud compiled for analysis. Mrs D.
Fitzgerald is thanked for much assistance
with preparation of the manuscript.
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